To describe the characteristics of unanswered clinical questions and propose interventions that could improve the chance of finding answers.
Introduction
Physicians cannot readily find answers to many of their questions about patient care. [1] [2] [3] [4] [5] [6] [7] [8] [9] Most questions that arise in practice go unanswered, either because the physician does not search for an answer, or because an answer is difficult to find. 3,6,9 -13 Unanswered questions can lead to failings in quality of care, patient safety, and cost-effectiveness. 4,8,14 -23 One reason for failing to find an answer may be that the question is poorly phrased. Physicians have been advised to phrase their questions to match the evidence from randomized clinical trials. 24 -29 For example, rather than asking "When should patients with infectious mononucleosis return to sports?" one approach advises physicians to use the "PICO" format: "In children with infectious mononucleosis (Patient population) does sports participation during the 6-week period following the onset of symptoms (Intervention) compared with no sports participation (Comparison) raise the risk of splenic rupture (Outcome)?" An answer to a PICO question is more likely to be evidence-based. But, as in this question about infectious mononucleosis, it may not answer the physician's original question.
Bergus and colleagues found that specialists providing an email consultation service more often answered questions that explicitly included an intervention and outcome in the query than questions lacking those elements. 28 In contrast, Cheng found that most questions posed by hospital clinicians were not "well-built" (e.g., using the PICO formulation) and that well-built questions were not more likely to be answered than poorly built questions. 7 In a study of 200 questions asked by family physicians, only 71 (36%) could be recast as PICO questions. 30 In a study of Oregon physicians, only 46% of questions arising in practice could be answered using the medical literature. 12 Many factors besides the phrasing of the question could contribute to the physician's inability to find an answer. For example, the literature searching skill of the physician, the resources available, and the time available could all affect the likelihood of finding an answer. 9, 31 In a previous study, physicians cited lack of time and doubt about the existence of relevant information as common reasons for not pursuing answers to their questions. 9 Once pursued, the most common reason for not finding an answer was the absence of relevant information in the selected resource. 9 This study focused on the nature of the questions themselves. Our goals were to understand why some questions go unanswered and to develop recommendations to improve the likelihood of finding answers. Finding good answers to questions that arise in practice is important because they occur commonly, [2] [3] [4] 9, 10, 13, 32, 33 and the answers affect patient care decisions. 4,8,14 -22 If certain kinds of questions are routinely not answered well in the print and electronic literature, authors could learn to anticipate and effectively answer these questions. Likewise, it would be useful to offer practical guidance for physicians on locating answers when they are readily available but missed.
Methods

Subjects
The unanswered questions in this study were selected from the authors' previous study of 1062 questions asked by primary care physicians during the course of patient care. 9 In that study, we recruited family physicians, general internists, and general pediatricians from the eastern third of Iowa. This geographic area includes rural towns and small cities. To identify physicians, the previous study used a database of practicing physicians, which is maintained by the University of Iowa. In the earlier study, we assigned a random number to each physician, ordered the list by this random number, divided physicians according to specialty (general internal medicine, general pediatrics, and family medicine), and invited physicians from each specialty in random order. In addition to the random sample, we invited ten minority physicians to improve the generalizability of our findings. In the previous study, we stopped inviting after 48 physicians agreed to participate (16 general internists, 17 general pediatricians, and 15 family physicians). This sample size had been based on our estimate of the number needed to collect a large number of questions (1000) and on the funding available.
Data Collection Procedures
The questions from the previous study were collected between July 31, 2001 and August 19, 2003 . During that study, one of us (JE) visited each physician for four half-day observation periods, during which he stood in the hallway outside the clinic exam rooms. Between patient visits, the physician reported any questions that arose related to the care of the patient. The observer recorded the verbatim question along with notes that described attempts to answer it. The data collection methods were further described elsewhere. 9 The present study represents an additional analysis of those data.
From the total of 1062 questions, we limited the analysis in this study to questions that physicians pursued but failed to answer. Please see Appendix 1, Derivation of number of unanswered questions in present study. A question was defined as "pursued" if the physician searched for an answer at any time during the observation period using one or more print or electronic resources. A question was defined as "easily answered" if the needed information was readily found in the first resource consulted. A question was defined as "not answered" if the information found did not address the question or did not adequately answer it as judged by the physician. We excluded questions when the only resource consulted was a human (e.g., a phone call to a specialist) because our goal was to improve the answering process when applied to generally available print and electronic resources. We also excluded unanswered questions when the search for an answer was prematurely and permanently interrupted (e.g., nurse told the physician to hurry because patients were waiting).
Data Analysis
We used a qualitative analysis technique known as the "constant comparison method" 34 to identify recurring types of questions whose format or content might explain why they went unanswered. Using this technique, one of us (JE) developed an initial taxonomy of question types by reading unanswered questions in random order, identifying recurring types, and writing definitions for each type. As each question was read, it was "constantly compared" to existing types to determine whether a new type was needed or an existing type could accommodate it, possibly with a modification of the definition. Working independently, two other investigators (JO, SM) used a random sample of 50 questions to develop their own versions of the taxonomy. JE synthesized the three independent efforts and sent the revised taxonomy along with 3 to 4 examples of each question type back to JO and SM, who were asked, "Would you agree this is an appropriate definition for this type of question?" and "Does the definition adequately describe what you see in the question?" Comments from the investigators were used to revise the taxonomy. An iterative process was used, in which the taxonomy was revised by JE, reviewed by JO and SM, revised again, reviewed again, and so on until a final taxonomy was developed. A similar method was used to classify easily answered questions. At this stage, the taxonomy of unanswered questions consisted of 13 question types.
One of the 13 types was designated "reason for difficulty not apparent," and it included 53 questions. Many of the questions in this category appeared similar to easily answered questions. To better understand why these "reason-notapparent" questions went unanswered, we attempted to answer them using 10 preselected resources: UpToDate.com (available at www.uptodate.com), Thomson Healthcare, Micromedex (available at www.thomsonhealthcare.com), MEDLINE (available at www.ncbi.nlm.nih.gov), National Guideline Clearinghouse (available at www.guideline.gov), Harrison's Principles of Internal Medicine, 35 Nelson Textbook of Pediatrics, 36 The Sanford Guide to Antimicrobial Therapy, 37 Red Book: 2003 Report of the Committee on Infectious Diseases, 38 eMedicine (available at www.emedicine.com), and Google (available at www.google.com). These resources were selected by the investigators because they are clinically oriented, generally available, and commonly used in practice. 9 Each resource was searched for a maximum of 10 minutes, and the searcher recorded the time spent for each resource. In addition to the 53 unclassified questions, we searched for answers to a stratified random sample of up to 5 questions from each of the remaining 12 question types. In total, we attempted to answer 105 questions ( Figure 1 ). We attempted to answer all reason-for-difficulty-not-apparent questions because they comprised a heterogeneous group, and we hoped the search would shed light on why they were difficult. In contrast, the other questions fell into homogeneous groups and the reason for difficulty seemed apparent just from reading the question. Therefore, we answered a random sample from each of these groups.
Search terms were taken from the text of the question for all resources except MEDLINE, where MeSH terms were used. The most helpful search terms often became apparent only after becoming familiar with the literature on the topic.
For each resource, we determined whether the question was completely answered, partially answered, or not answered at all. These judgments were made by one of the investigators (JE), who performed all of the searches after three authors (JE, JO, SM) pilot tested the process. An answer was considered "complete" if it was adequate to direct patient care without the need for additional information. Based on our attempts to answer questions, we modified the existing taxonomy of unanswered questions by changing definitions and adding new question types. For example, "Is alpha streptococcus on blood culture likely to be a pathogen in a 17-day-old?" was originally classified as "reason for difficulty not apparent." After searching for answers to questions like this one, we discovered that clinical resources do well answering questions about diseases, like neonatal sepsis, but not as well answering questions about non-disease entities, like blood culture contaminants. We labeled this category "Misalignment Between Question and Resource Format." We were able to reclassify all but 7 of the 53 "reason-for-difficulty-not-apparent" questions, using the modified taxonomy.
(Note: We use the term "author" throughout, in place of the more accurate but unwieldy "clinical information resource developer.") During our attempts to answer questions, we took notes on what the physician could have done to find a better answer and what the author could have done to provide a better answer. These notes were organized into their own taxonomies of recommendations for physicians and recommendations for authors. The investigators completed an iterative process using email and conference calls to label, describe, and exemplify each recommendation. The recommendations for physicians and authors were developed independently of the question type taxonomy. To help avoid constraints on the recommendations, we did not attempt to develop oneto-one relationships between specific question types and specific recommendations that addressed them. The question types provided an implicit background for the recommendations, but the recommendations arose primarily from our attempts to answer questions rather than our attempts to classify them.
We used descriptive statistics and one-way ANOVA to summarize the time spent searching for answers. The significance level was set at .05. We used Stata (Stata Corp., College Station, TX) for all statistical analyses.
Our methods resulted in three work products: a taxonomy of unanswered questions, a list of recommendations for physicians, and a list of recommendations for authors. The study was approved by the University of Iowa Human Subjects Office.
Results
Unanswered Questions
After inviting 56 physicians, 48 (86%) agreed to participate in the previous study. In that earlier study, each physician was observed for approximately 16 hours (4 visits per physician with 4 hours per visit), resulting in a total of 768 hours of observation time. Physicians did not pursue answers to 477 (45%) of the 1062 questions usually because they doubted that they could find a good answer quickly. 9 Of the remaining 585 questions that were pursued, physicians were unable to find answers to 237 (41%) in print and electronic resources. 9 In the present study, after searching for answers, the investigators found "complete" answers to 74 (70%) of 105 questions in at least one of the 10 resources. The investigators may have been more successful in finding answers than the previous study physicians because the investigators completed a leisurely search of 10 resources, whereas the 
Unanswered Questions Taxonomy
The initial taxonomy of unanswered questions consisted of 13 types. After adding new types based on our attempts to answer questions, the final taxonomy consisted of 19 types (see Table 1 , available as a JAMIA online data supplement at www.jamia.org). The three most common types accounted for 128 (54%) of the questions: (1) "Undiagnosed finding" questions asked about the management of abnormal clinical findings, such as symptoms, signs, and test results (What is the approach to finding X? (n ϭ 45 questions)); (2) "Conditional" questions contained qualifying conditions that were appended to otherwise simple questions (What is the management of X, given Y? where "given Y" is the qualifying condition that makes the question difficult. (n ϭ 45)); and (3) "Compound" questions asked about the association between two highly specific elements (Can X cause Y? (n ϭ 38)).
The difference between conditional questions and compound questions is subtle but distinct: Compound questions can be divided into two questions, either of which is easier to answer than the original, whereas conditional questions cannot be split this way. 
Recommendations for Physicians
The current study identified seven recommendations for physicians ("What the physician could do to get a better answer?") that fell into 3 main categories (see Table 2 , available as an online JAMIA data supplement at www. jamia. 
Recommendations for Authors
The 33 recommendations for authors fell into two main categories (see Table 3 , available as an online data supplement at www.jamia.org). First, authors should be explicit. . . is recommended. 35 (In this answer, the nature of the exposure is not specified and "household contacts" were not explicitly addressed.) Second, authors should provide practical, actionable, clinically oriented information. For example, "Should a 13-year-old, premenarchal girl be referred or observed if she has a 22-degree dorsal scoliosis?"
Clinically oriented answer: "For curves between 20 and 29 degrees and Risser grade 0 to 3, repeat x-ray every 6 months, refer to orthopedist, and brace after 25 degrees; for curves between 20 and 29 degrees and Risser grade 4, repeat x-ray every 6 months, refer to orthopedist, and observe without bracing." 41 (Note: Risser grades, which define the extent of bony fusion of the iliac apophysis, are defined in the article.) 41 Non-clinically oriented answer: "Premenarchal girls with curves between 20 and 30 degrees have a significantly higher risk for progression than do girls 2 yr after menarche with similar curves." 36 
Easy Questions
The 48 physicians in this study easily answered 166 (28%) of the 585 questions they pursued using the first print or electronic resource they consulted. The two largest categories of easily answered questions were (1) straightforward prescribing questions (n ϭ 53; e.g., "Does amitriptylene come in 50 milligram tablets?"), which were readily answered in prescribing resources, and (2) straightforward questions about diagnosed diseases, as opposed to undiagnosed clinical findings (n ϭ 31; e.g., "What is the treatment for deQuervain's tenosynovitis?"). A few of the easy questions were similar in structure to unanswered questions. For example, nine easy questions were compound and six asked about undiagnosed findings.
Discussion
Main Findings
In this study, physicians' unanswered questions were readily grouped into generic types and most questions fit into one of three types: questions about abnormal findings, conditional questions, and compound questions. In our attempts to answer these questions, we identified deficiencies in question phrasing and resource selection that could be addressed by physicians and gaps in knowledge resources that could be addressed by authors. The process of answering a potentially difficult question can be thought of sequentially: initially, the burden is on the physician to optimally phrase the question, and subsequently it is on the author to anticipate and explicitly answer questions that arise in practice.
Link between Question Types and Recommendations
The taxonomy of unanswered questions served as an intermediate step in developing the taxonomy of recommendations, but we did not force one-to-one links between question types and recommendations because our attempts to answer questions seemed to provide a more direct path to the recommendations. In retrospect, however, we found that one or more recommendations could be applied to each question type. For example, authors could address conditional questions better if they anticipate the common conditional factors that are appended to simple questions, such as screening mammogram recommendations for women with a family history of breast cancer. Authors could address questions about clinical findings better if they provide explicit, step-by-step advice on the approach to common undiagnosed findings (symptoms, signs, and abnormal test results).
Physicians might be more likely to answer their compound questions if they split them into their components (What are the adverse effects of cocaine? What are the precipitating events that can lead to a sickle cell crisis?) However, without an explicit statement (Cocaine is not associated with sickle cell crisis) the physician will have doubts about the answer to the original compound question. Such explicit negative statements are rare in the medical literature and the potential number could be overwhelming (X does not cause sickle cell crisis, Y does not cause sickle cell crisis, . . .). However, authors should explicitly answer recurring compound questions that commonly arise in practice (e.g., Oral iron does not cause the stool guaiac to turn positive. 42 Asking depressed patients about suicidal thoughts does not increase the likelihood of suicide. 43 ). How can authors anticipate these pertinent negatives, and how can they anticipate other types of unanswered questions? In addition to including clinically knowledgeable providers, the resource development team might benefit from a checklist to help them provide clinically useful and comprehensive information. For example, * When discussing the treatment of a disease, such as heart failure, state how that treatment should be changed when the disease is accompanied by a common comorbid condition, such as renal failure.
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* When recommending antibiotic treatment, include the duration of treatment.
Authors could also refer to large public repositories of questions such as the ClinicalQuestions Collection at the National Library of Medicine (http://clinques.nlm.nih.gov/ JitSearch.html) to find practice-based questions related to their topics. Authors may be reluctant to answer questions when supporting evidence is lacking or fragmented, 45 but the lack of evidence does not make the question go away. The content of clinical knowledge resources often seems to be based more on the information available than on the information needed. When evidence is lacking, many practicing physicians request information on the usual practices of experts, with this information clearly marked as opinion. 9, 46 Other Studies Previous studies have developed a variety of classification systems for physicians' questions. 32, [47] [48] [49] [50] [51] [52] [53] For example, Florance found that literature search requests from practicing physicians could be grouped into four types: prediagnostic assessment, diagnosis, treatment choice, and learning. 50 Allen and colleagues found that physicians' questions could be grouped into seven categories, such as laboratory, pharmacy, differential diagnosis, and so on. 47 Ely and colleagues analyzed 1396 office-based questions and categorized them into 64 generic types (e.g., What is the drug of choice for condition x? What is the cause of symptom x? and so on). 52 However, we were unable to find previous attempts to classify unanswered questions.
To help improve the likelihood of finding evidence-based answers, physicians have been advised to rephrase their questions to include the "PICO" elements: population, intervention, comparison, and outcome. 24 -29 However, most questions that arise in practice are not amenable to such rephrasing, 30 and it is not clear that including the PICO elements increases the likelihood of successfully answering questions.
Many recommendations are available to help authors write systematic review articles by rigorously summarizing original research. 54 -65 For example, the Cochrane Collaboration provides an extensive handbook that describes this process. 65 However, these guidelines have generally focused on the needs of the author rather than the needs of the clinician. For example, authors of systematic reviews are advised to limit their scope to highly focused questions about the efficacy of single interventions (Does X work to treat Y?), 55, 65, 66 whereas clinicians have a different perspective (What is the best treatment for Y? or What is the best approach to abnormal finding Y?).
9,46
Limitations
Our findings should be interpreted in light of several limitations. For example, answering strategies that work well for difficult questions may not work well for easy questions, and that possibility was not addressed in this study. Also, we made no attempt to verify the accuracy of the answers or to evaluate the evidence supporting them. In this study, a "complete" answer was not necessarily a "correctЉ answer. In a previous study, trust in the validity of information was found to be an important factor when physicians were asked to describe the characteristics of ideal information resources. 9 The concept of trust did not arise in this study because the resources were preselected, and we focused more on the existence of information than on its validity.
We attempted to answer only 105 of the 237 unanswered questions, and it is possible that answering all the questions would have led to additional or different recommendations. However, this seems unlikely because the 105 questions were selected randomly from each question type.
We did not address the distinction between unanswered questions and unanswerable questions, meaning questions for which there is no evidence, or even published opinion, to provide an answer. We studied a relatively small number of questions that were asked by physicians in a small geographic area. Thus our findings may not apply to questions from other settings or questions that arise in non-primary care practices.
Conclusion
We found that unanswered primary care questions fall into a relatively small number of generic types. Some of these types were apparent from the questions themselves, whereas others required attempts to answer them before they could be categorized. We found that rephrasing questions was occasionally helpful, but more often, there were important gaps in the information provided by clinical resources. Filling these gaps with evidence-based information, supplemented with opinion and best practices as appropriate, is needed to successfully answer questions that are currently unanswered. Although our findings should be viewed as preliminary, they may be useful to authors who are interested in developing resources that effectively answer important patient-care questions that arise in practice. Innovative methods that automate links between questions and answers could address some of the problems we found. 22, 67 Future research that analyzes more unanswered questions from a wider variety of clinicians could further clarify the nature of difficult questions and extend the recommendations proposed in this study.
difficulty" included 128 that were incompletely answered, 45 that were completely answered but required more than one resource, and 7 that were completely answered but difficult to find in the first resource consulted. The present study included all 167 previous study questions that were not answered at all, plus the 128 previous study questions that were incompletely answered (167 ϩ 128 ϭ 295). From those 295 previous questions, the current study deleted 12 questions for which data on the physician search was inadequate, 27 for which the only resource consulted was a human, 6 for which the search was prematurely and permanently interrupted (e.g., nurse told the physician to hurry because patients were waiting), 8 for which further inspection of previous study field notes indicated that the question appeared to be adequately answered, 4 that were not related to patient care, and 1 for which the physician did not have access to any appropriate nonhuman resource. This left 237 questions, which was the sample for the current study.
